A tonalite-granodiorite-granite suite emplaced during the late Archaean D, deformational phase yields a six point isochron age of 2,500 ± 270 Ma and an initial 87 Sr/ 86 Sr of 0.7044 ±0.0018. A rapakivi-type granite suite emplaced after the late Archaean episode and before the emplacement of early Proterozoic Jatulian dolerites yields a six point isochron age of 2,290 ± 110 Ma and an initial »'Sr/^Sr of 0.7036 ± 0.0085. Both ages are c. 150-200 Ma younger than corresponding U-Pb mineral ages for the same rock: the difference is interpreted as representing continued isotopic homogenization prior to uplift although the mechanism for such large scale, fluid phase mass transfer is not well understood.
Introduction
Three major suites of quartzofeldspathic plutonic masses occur in the Kainuu region of eastern Finland. The tonalites, which comprise the oldest of the suites, were emplaced before the development of the regionally expressed late Archaean F2 folds and were generally co-eval with the formation of the regionally extensive c. 2.85 Ga old tonalitic gneisses. They and the younger tonalite-granodiorite-granite and rapakivi-type granite suites are cross-cut by the early Proterozoic (c. 2.2-2.1 Ga) Jatulian dolerites (Fig. 1; cf. Sakko 1971; Pekkarinen 1976; Hyppönen 1983; Luukkonen 1985; Luukkonen and Lukkarinen 1986, p. 10) . The integration of the times of successive emplacement of these suites of pre-F2 tonalite, tonalite-granodiorite-granite and rapakivi-type granite into the structural and metamorphic history of the rocks of the region (Luukkonen 1985 (Luukkonen , 1988a (Luukkonen , 1988b ) means that they are of considerable value in elucidating the late Archaean -early Proterozoic evolution of this part of the Baltic Shield. As a contribution to this Rb-Sr isotopic studies were carried out on the three suites. While the very low Rb/Sr ratios (0.04-0.12) in the pre-F2 tonalite suite did not permit determination of meaningful geochrono-logical information, whole-rock isochron ages and initial 87 Sr/ 86 Sr for the other two laterformed suites were determined and are presented here. These provide information for comparison with U-Pb zircon ages of the two suites (cf. Luukkonen 1988b).
Geological setting and petrography

Tonalite-granodiorite-granite (sample I)
Analysed representatives of this suite came from 20-30 km W of the Kuhmo greenstone belt (Fig. 1 ). Other larger massifs occur 10 km further W (Konivaara granite-granodiorite) and even larger masses in the Ilomantsi-Lieksa area 150-250 km to the SSE (Hyppönen 1983; Luukkonen and Lukkarinen 1986, fig. 7 ). Cross-cutting relations with late Archaean F2 folds are shown. Many of the masses occur as elongate bodies in large F3 antiforms and show some weak S3 foliation. These features and local modification of the common porphyritic/porphyroblastic texture to prophyroclastic texture by D4 structures means that their emplacement took place in the latter part of the late Archaean D3 deformational phase (cf. Luukkonen 1985, table 1; 1988a, table 1) .
Plagioclase (albite-oligoclase), quartz, ± potassium feldspar and biotite, with a grain size of 1-2 mm, are present in varying proportions as major constituents in light grey-coloured rocks. Allanite, zircon, sphene, magnetite and apatite occur as accessory minerals and epidote and chlorite in small proportions as secondary products. Demonstration of distinctive fields of both mineralogical and chemical composition for a suite (Fig. 2 ) that can be shown consistently to be of late D, emplacement was used as a basis for collecting samples for isotopic study from various (and widely spaced) masses to obtain as wide a spread as possible of Rb/Sr, rather than from one mass with the resultant much lower spread.
Rapakivi-type granite (sample 2)
There are three main intrusive masses of rapakivi-type granite E of the Kuhmo greenstone belt, the largest (c. 7 x 9 km) being the Tulilammet granite. Smaller stocks, apophyses and dykes also occur (Fig. 1) . Cross-cutting relations with the late Archaean D,-D( , structures (as described by Luukkonen 1985) are shown, as is a finer grained marginal facies and a foliation generally parallel to the margins that was developed during emplacement and crystallization. The only structures seen to cross-cut these granite masses are the NW-NNW-trending early Proterozoic shear zones that exerted a major structural control on the emplacement of the c. 2.2-2.1 Ga Jatulian dolerite dykes.
The plutonic rocks are typically leucocratic and pinkish with phenocrysts of feldspar and, in places, of quartz. The feldspar phenocrysts vary in size but rarely exceed 5 cm in length. Their shapes vary from tabular to ovoid, the latter predominating in the central parts of the masses. Some of the phenocrysts have cores of microcline microperthite surrounded by albite or oligoclase. The groundmass consists mainly of potassium feldspar, quartz, oligoclase and biotite with a grain size of 3-5 mm. Accessory fluorite is conspicuous and allanite, zircon, sphene, magnetite and apatite are also present. Secondary chlorite developed from biotite is seen in places. Apophyses consist of buff to pink granite porphyry with distinctive phenocrysts of round to bipyramidal clear and commonly bluish-coloured quartz (up to 3 mm), potassium feldspar phenocrysts (of maximum microcline composition, up to 10 mm in size, spherulitic in places and making up 1-30 % of the rock) and some oligoclase phenocrysts (up to 2 mm). The groundmass consists of quartz, plagioclase, sericite, biotite, opaque ore minerals and fluorite together with some secondary carbonate and epidote.
This rock suite has distinctive geochemical characters ( Fig. 2) with SiO, in the range 72-78 high K20/Na20 (0.6-1.7) and Rb/Sr 
Analytical results and interpretation
Rb-Sr isotopic analysis of six whole-rock samples from each suite (located on Fig. 1 ) are given in Table 1 and plotted on isochron diagrams (Fig.  3) . For the tonalite-granodiorite-granite suite (sample 1) the points fall on an isochron that defines an apparent age of 2,500 ± 270 Ma and gives an initial 87 Sr/ 86 Sr of 0.7044 ± 0.0018. For the rapakivi-type granite suite (sample 2) the points fall on an isochron that defines an age of 2,290 ± 110 Ma and gives an initial 87 Sr/ 86 Sr of 0.7036 ± 0.0085.
In each case the existence of an igneous texture and a mineral assemblage that shows no evidence for metamorphic or hydrothermal activity, together with the concordant nature of the points on the isochron, would suggest that the age represents the time of crystallization. However in the case of sample 1, U-Pb isotopic study of zircon separated from specimens of the same rock suite yielded an upper intercept age of 2 697 ± 10 Ma (Luukkonen 1988b ). In addition an aplogranite whose emplacement was controlled by late Archaean D4 structures in the nearby Lylyvaara area has yielded an upper intercept UPb zircon age of 2,657 ± 32 Ma (Luukkonen 1985) . These U-Pb ages are 150-200 Ma older than the corresponding Rb-Sr isochron age. Likewise an upper intercept U-Pb zircon age of 2,435 ± 12 Ma for a granite porphyry dyke which is an apophysis of the Tulilammet granite (Luukkonen 1988a) is also c. 150 Ma older than the corresponding Rb-Sr age for the granite suite. These data suggest that in each case there was a considerable period after igneous crystallization during which there was exchange of strontium throughout the system. This is endorsed by the extreme scatter of the data.
Discussion
Other studies in both the greenstone belts and gneisses of eastern Finland have also recorded different ages for corresponding assemblages using different isotopic systems. Based on Pb-Pb and Rb-Sr systematics Vidal et al. (1980 Vidal et al. ( , p. 2033 Crushed samples weighed 4-6 kg; details of analytical procedures, are given in Halliday et al. (1984) ; X 81 Rb = 1.42 x 10 ''yr '; regression followed the methods of York (1969) ; analyses were carried out at the Isotope Geology Unit, Scottish Universities Research and Reactor Centre, East Kilbride, Glasgow G75 OQU. gave an age of 2.65 Ga for the Suomussalmi greenstone belt (N of the Kuhmo greenstone belt shown in Figure 1 ), and Martin et al. (1983, p. 81) used this age as representative of that of the greenstone belts of the region generally. In contrast, Hyppönen (1983) recorded a 2 739 ± 7 Ma U-Pb mineral age for a quartz diorite that cuts the Kuhmo greenstone belt. In the case of the gneisses, Martin et al. (1983, pp. 84, 87) recorded an Rb-Sr whole-rock isochron of 2.62 ± 0.7 Ma for »the second generation of grey gneisses (Naavala type)», rocks that on the basis of regional mapping can be classed as being typical of the Archaean D3 granitoid suite for which UPb mineral ages are c. 2,730-2,690 Ma (Luukkonen 1988a (Luukkonen , 1988b . In both these instances the c. 2.65 Ma (i.e. younger) ages generally correspond to U-Pb mineral ages for quartzofeldspathic dyke emplaced during, or after, major crustal uplift (Luukkonen 1985, table 1) . Accordingly they may record this geological event and indicate that there was continued isotopic homogenization of some systems prior to uplift. The U-Pb mineral isotopic data seems effectively to rule out greenstone belt and gneiss forma- have been repressed according to the method of York (1969);  tion at this time as proposed by both Vidal et al. (1980) and Martin et al. (1983) . The general correspondence of the c. 2,500 and 2,300 Ma Rb-Sr whole-rock ages of the plutonic masses recorded in this present study with the beginnings of deposition of the early Proterozoic Sariola Group and Jatuli Group, respectively (Luukkonen and Luukkarinen 1986, pp. 19, 22) , together with these assemblages beginning with polymictic conglomerate and pebbly quartzite, respectively, suggest rapid crustal uplift at both times as an explanation for the cessation of isotopic exchange.
A corresponding explanation seems unlikely for the 2.50 ± 10 Ga Rb-Sr whole-rock isochron age reported by Martin and Querré (1984, p. 294) for the Luoma acid volcanic assemblage of the Suomussalmi greenstone belt. There seems little possibility that a rock older than c. 2 720 Ma (the U-Pb mineral age of an Archaean D, quartz diorite that cuts this unit see Annual Report of the Geological Survey of Finland for 1981 Finland for (1982 ) would have been subject to continued strontium exchange throughout the system after the major crustal uplift c. 2.65 Ma ago. Wheth-er the explanation of the c. 200 Ma difference between the two ages is related to sampling cannot be assessed from the data presented. However the work of Martin and Querré (1984) was not carried out in conjunction with regional mapping as was both the work related to the new Rb-Sr data presented here for the tonalite-granodiorite-granite and rapakivi granite suites and the U-Pb mineral data to which reference is made (Hyppönen, 1983; Luukkonen 1986 Luukkonen , 1988b . It is comparison of these data, and the associated evidence from stratigraphical and sedimentological studies, that point to continued isotopic homogenization prior to rapid uplift being a possible explanation for differences in reported ages, even though the mechanism for such large scale, fluid phase mass transfer is not well understood.
Consideration of initial 87 Sr/ 86 Sr of the tonalite-granodiorite-granite suite indicates that its source material cannot have had a long crustal history, i.e. there is no evidence for middle or early Archaean crust at depth during the late Archaean episode. Consideration of the initial 87 Sr/ 86 Sr cf the suite of rapakivi-type granites, with its high Rb content, is consistent with crystallization from a mantle-derived magma or melting of crust that had been derived from the mantle a short time earlier. The 2,435 ± 12 Ma UPb zircon age for a rock from this suite almost corresponds, within errors, with the 2,455 ± 5 Ma age for quartz porphyries in Soviet Karelia (U-Pb zircon; Kratz et al. 1976 ) and it does correspond with the 2,436 ± 5 Ma age for large basic-ultrabasic layered intrusions in Koillismaa (UPb zircon; Kouvo 1977; Alapieti 1982) whose emplacement is indicative of a phase of continental rifting associated with the break-up of the late Archaean craton (Park et al. 1984, p. 363, fig. 2). Such a tectonic environment is consistent with the association of rapakivi -type granites with anorogenic conditions.
